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NC-ND license (http://creativecommoBackground: Pediatric emergency medicine is a young field that has established itself in recent
decades. Many unanswered questions remain regarding how to deliver better pediatric emer-
gency care. The implementation of full-time pediatric emergency physicians is a quality
improvement strategy for child care in Taiwan. The aim of this study is to evaluate the quality
of care under different physician coverage models in the pediatric emergency department (ED).
Methods: The medical records of 132,398 patients visiting the pediatric ED of a tertiary care
university hospital during January 2004 to December 2006 were retrospectively reviewed.
Full-time pediatric emergency physicians are the group specializing in the pediatric emergency
medicine, and they only work in the pediatric ED. Part-time pediatricians specializing in other
subspecialties also can work an extra shift in the pediatric ED, with the majority working in their
inpatient and outpatient services. We compared quality performance indicators, including:
mortality rate, the 72-hour return visit rate, length of stay, admission rate, and the rate of be-
ing kept for observation between full-time and part-time pediatric emergency physicians.
Results: An average of 3678 125 [mean standard error (SE)] visits per month (with a range of
2487e6646) were observed. The trends in quality of care, observed monthly, indicated that theHsia, Division of Pediatric Critical Care, Department of Pediatrics, Chang Gung Memorial Hospital at
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372 I.-A. Huang et al72-hour return rate was 2e6% and length of stay in the ED decreased from 11.5 hours to 3.2 hours
over the study period. The annual mortality rate within 48 hours of admission to the ED
increased from 0.04% to 0.05% and then decreased to 0.02%, and the overall mortality rate
dropped from 0.13% to 0.07%. Multivariate analyses indicated that there was no change in
the 72-hour return visit rate for full-time pediatric emergency physicians; they were more likely
to admit and keep patients for observation [odds ratio Z 1.43 and odds ratio Z 1.71, respec-
tively], and these results were similar to those of senior physicians.
Conclusion: Full-time pediatric emergency physicians in the pediatric ED decreased the mortal-
ity rate and length of stay in the ED, but had no change in the 72-hour return visit rate. This pilot
study shows that the quality of care in pediatric ED after the implementation of full-time pedi-
atric emergency physicians needs further evaluation.
Copyright ª 2016, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Quality of care is important in all health care services,
including pediatric emergency care. Pediatric care has its
own unique characteristic needs as the risk of medication
errors can especially increase harm to patients in the pe-
diatric emergency department (ED).1 In the past, most
pediatric ED patients were seen by a resident and a physi-
cian not specializing in pediatric emergency medicine.
Leadership is a critical factor in implementing change and
quality improvement initiatives.2 The late chair of our
board commented: “How can we treat the most seriously ill
patients with inexperienced physicians?” In July 2003, the
ED scheduled full-time pediatric emergency physicians and
moved to total coverage in the subsequent 3 years. Instead
of implementing extra ED rotating shifts with other pedi-
atric subspecialists, the implementation of full-time pedi-
atric emergency subspecialists is a quality improvement
strategy in pediatric ED. In developed countries such as
Canada and the United States, most pediatric EDs are
staffed by full-time pediatric ED-trained and credentialed
attending physicians.3 Previous studies focusing on legal
issues reported a decrease in malpractice claims and dis-
bursements in a pediatric ED with full-time attending
physician coverage;4 most studies of the quality of pedi-
atric ED care have examined differences between residents
and attending physicians or between emergency and pedi-
atric physicians.5e9
The aim of quality in health care is “the degree to which
health care services for individuals and populations in-
crease the likelihood of desired health care outcomes and
are consistent with current professional knowledge” as
defined by the Institute of Medicine.10 The six dimensions of
quality are care that is effective, safe, efficient, timely,
equitable, and patient-centered.10 We expect the imple-
mentation of full-time pediatric emergency physicians to
have better professionalism in patient- and family-centered
care in order to reduce practice variations, and to provide
the right care in the right place at the right time in an
efficient and timely way.11
The aim of this study was to evaluate the quality of care
in a pediatric ED with pediatric emergency physicians.2. Methods2.1. Study design
The present study was a retrospective cohort study.2.2. Setting
The patients were drawn from a pediatric ED affiliated with
a tertiary care university hospital. The 24-hour pediatric ED
has approximately 45,000 visits annually. The hospital has a
total of 360 inpatient beds, including 200 ward beds, 30
pediatric intensive care unit beds, and 130 neonatal
intensive care unit beds.2.3. Selection of participants
The computerized medical records of all pediatric patients
aged  17 years, with the exception of trauma cases,
visiting the ED between January 2004 and December 2006
were reviewed. The physicians included in this study anal-
ysis were all credentialed attending physicians working in
pediatrics. The full-time pediatric emergency physicians’
group means physicians who work in the pediatric ED for
120e156 hours a month without inpatient and outpatient
duties, and have 1e8 years of experience in pediatric
emergency medicine. By contrast, the part-time pediatri-
cians’ group means physicians who work an extra shift in
the pediatrics ED for 12e36 hours a month, in addition to
providing routine inpatient and outpatient services in their
subspecialty. Part-time pediatricians do not specialize in
pediatric emergency medicine and have 1e2 years of pe-
diatric emergency experience. During the study period, one
attending physician together with one resident treated
patients in a 12-hour shift; the attending physicians su-
pervised the residents, assessed and managed patients with
complicated medical conditions, and assumed re-
sponsibility for the management and the final placement of
the patients.
Figure 1 Patient visits volume of pediatric emergency
department (ED) between 2004 and 2006.
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The outcomes were quality measurements of pediatric ED
performance. We used the most useful and common per-
formance indicators including length of stay and the 72-
hour return visit rate;12 the other most common indicator
was admission rate.12 The indicators we developed and
collected in this study were the mortality rate, within
48 hours of admission and total, and rate of being kept for
observation. In addition, information on patient charac-
teristics (gender and age), physician characteristics (status
and seniority), the volume of patient visits, triage classifi-
cation, and time of ED visit (season and time of day) were
collected.
2.5. Primary data analysis
The incidence of patient death after admission to the pe-
diatric ED was aggregated into yearly data, due to the small
number of deaths. The full-time pediatric emergency phy-
sicians and part-time pediatricians were compared on the
indicators using Chi-square tests for discrete variables and t
tests for continuous variables. The variables were coded as
gender (0Z male, 1Z female), age (continuous in years),
physician status (0Z part-time pediatricians, 1Z full-time
pediatric emergency physicians), physician seniority (0
Z < 3 years of experience, 1 Z > 3 years of experience),
season (0 Z winter, 1 Z spring, 2 Z summer, 3 Z fall),
time of arrival at the ED (0 Z 0:00 AMe7:59 AM, 1 Z 8:00
AMe3:59 PM, 2 Z 4:00 PMe11:59 PM), triage classification
(0Z Class IV, 1Z Class I, 2Z Class II, 3Z Class III), length
of stay for observation (continuous in minutes), admission
to the ward (0Z no, 1Z yes), 72-hour return visit (0Z no,
1 Z yes), and kept for observation (0 Z no, 1 Z yes).
2.6. Sensitivity analyses
Variables that showed a statistically significant (p < 0.001)
difference between full-time pediatric emergency physi-
cians and part-time pediatricians were followed up with
logistic regression analyses. The dependent variables were
admission rate, the rate of being kept for observation, and
72-hour return visit rate. The significance level for inclusion
in the analysis was 0.05 and 0.1 for exclusion. Adjusted
odds ratios (ORs) and 95% confidence intervals (95% CIs)
were calculated. SPSS 11.0 (SPSS Inc., Chicago, IL, USA) for
Mac OS X software was used for the statistical analyses. The
study was approved by the Institutional Review Board of the
subject hospital.
3. Results
3.1. Patient characteristics
We reviewed the records of 132,398 ED patients aged 
17 years who visited the ED between January 2004 and
December 2006. The average total number of monthly visits
was 3678  125 [mean  standard error (SE); range,
2487e6646]. A spike in patient visits was observed following
the December 2004 tsunami in South Asia. In July 2005, thenational health insurance policy raised the copayment for
ED visits by US$3, and as a consequence, patient volume
plummeted and remained low. More than half of the pa-
tients were < 3 years old. Figure 1 shows the fluctuation in
monthly patient volume. The number of patients in triage
Classes I and II fluctuated with patient volume and made up
40e50% of the total visits (Figure 2). The full-time pediatric
emergency physicians’ ratio was 40e50% in the first
18 months of the study period, then fluctuated between
100% and 70% in the subsequent 12 months and stabilized at
100% after July 2006. During the study period, the admis-
sion rate increased from 15e20% to 18e25%, the incidence
of being kept for observation increased from 15e25% to
35e45%, and 72-hour return visit rate fluctuated between
2% and 6% with a slight downward trend.
3.2. Main results
The average length of stay in the pediatric ED decreased
during the study period from 11.5 hours to 3.2 hours, as
observed in 6-month intervals (Figure 3). The mortality rate
decreased relative to the increase in patient number. The
annual mortality rate within 48 hours of admission from the
ED increased from 0.04% in 2004 to 0.05% in 2005, but
decreased to 0.02% in 2006, and the overall mortality rate
dropped from 0.13% to 0.07%.
Between-group differences were measured using Chi-
square and independent-sample t tests, and multivariate
logistic regression analyses were used to determine the
variables that were significantly associated with ward
admission, extended observation, and 72-hour return visit.
The comparisons of patient characteristics and care infor-
mation between the two physician groups are shown in
Table 1. A statistical difference between physician groups
was further examined in a multivariate logistic regression
(Table 2). Full-time pediatric emergency physicians were
found to recommend admission more often and spend more
time observing the patient (ORs Z 1.43 and OR Z 1.71,
respectively), controlling for other variables. Senior physi-
cians also had higher admission, and extended observation
than junior physicians (OR Z 1.14 and OR Z 1.05,
respectively). There was no significant difference between
full-time pediatric emergency physicians and part-time
Figure 2 The severity of coming patients: triage Classes I
and II number of patients with total patient visits in pediatric
emergency department (ED) monthly during 2004e2006.
Table 1 Selected characteristics of patients at pediatric
emergency department (ED) and stratified according to full-
time/part-time pediatric emergency physicians’ groups
during 2004e2006.
Variables Full-time
group
(n Z 82,385)
Part-time
group
(n Z 50,013)
p*
n % n %
Gender
Male 47,429 57.57 28,901 57.79 0.438
Female 34,956 42.43 21,112 42.21
Age (y)
0e3 45,139 54.79 26,779 53.54 < 0.001
4e7 24,093 29.24 15,709 31.41
8e11 7374 8.95 4659 9.32
> 11 5779 7.01 2866 5.73
Season
Spring 16,987 20.62 17,508 35.01 < 0.001
Summer 22,144 26.88 10,592 21.18
Fall 23,770 28.85 7658 15.31
Winter 19,484 23.65 14,255 28.50
Timing of arrival
8:00 AMe16:00 PM 30,122 36.56 9440 18.88 < 0.001
4:00 PMe12:00 AM 31,787 38.58 23,991 47.97
12:00 AMe8:00 AM 20,476 24.85 16,582 33.16
Triage classification
Class I
life-threatening
17,212 20.89 11,644 23.28 < 0.001
Class II emergent 19,495 23.66 12,296 24.59
Class III urgent 45,588 55.34 26,021 52.03
Class IV non-urgent 87 0.11 47 0.09
Admission 18,424 22.36 7664 15.32 < 0.001
No 63,961 77.64 42,349 84.68
Observation 29,906 36.30 11,818 23.63 < 0.001
No 52,479 63.70 38,195 76.37
72-hour return 3695 4.49 1930 3.86 < 0.001
No 78,690 95.51 48,083 96.14
* Statistical significance of Chi-square test.
374 I.-A. Huang et alpediatricians in return rates within 72 hours, after con-
trolling for other variables. Patients who returned to the ED
within 72 hours had higher odds of being admitted
(ORZ 2.50) and being kept for observation (ORZ 1.59). As
age increased, patients were less likely to be admitted
(OR Z 0.98) or to return within 72 hours (OR Z 0.95), but
were more likely to be kept for observation (OR Z 1.02).
Patients who were kept for observation had a higher
admission rate (OR Z 1.14). Winter was the seasonal
reference group: patients arriving in the spring were more
likely to be admitted and had higher 72-hour return rates;
summer patients were more likely to be kept for observa-
tion and to return within 72 hours, and fall patients had
higher rates in all three categories. Patients who arrived at
the ED between midnight and early morning were the
reference group: patients who visited the ED during the day
(8:00 AMe4:00 PM) had a significantly higher admission rate
(OR Z 2.26), observation rate (OR Z 1.56), and 72-hour
return rate (OR Z 1.46). Patients who arrived at night
(4:00 PMe00:00 AM) had higher odds of being admitted,
staying for observation, and returning within 72 hours than
those who arrived in the early morning. However, they were
less likely to be admitted, to be kept for observation, or to
return in 72 hours compared to patients who arrived duringFigure 3 Length of stay at pediatric emergency department
(ED) in 6-month intervals during 2004e2006.the day. Finally, patients with acute or severe conditions,
Classes I or II in the triage system, had higher odds of being
admitted, being kept for observation, and returning within
72 hours than did those classified as Class III or IV.4. Discussion
Both length of stay in the pediatric ED and mortality rate
decreased during the study period, indicating that the
quality of medical care improved. Spaite et al13 reported
that waiting time was highly related to patient satisfaction.
A decrease in the length of stay in the pediatric ED is
beneficial for both the patient and the physician. The ED is
not an ideal setting for patient rest and recovery, and the
ED physician should make the appropriate diagnosis as
quickly as possible and admit or release the patient.
Mortality rate is seldom discussed in the pediatric
emergency care literature. Chamberlain et al14 reported a
mortality rate of 0.1% in 16 pediatric EDs in Washington,
Table 2 Logistic regression of admission, observation, and 72-hour return.
Variable Admission Observation 72-hour return
OR 95% CI OR 95% CI OR 95% CI
Pediatric emergency physicians (yes Z 1) 1.43* 1.38e1.48 1.71* 1.67e1.76 1.10 1.04e1.16
Physician seniority (yes Z 1) 1.14* 1.10e1.18 1.05* 1.02e1.08
72-hour return (yes Z 1) 2.50* 2.36e2.65 1.59* 1.51e1.68
Age 0.98* 0.97e0.98 1.02* 1.01e1.02 0.95* 0.94e0.95
Gender (female Z 1) 1.04* 1.02e1.07
Length of stay 1.14* 1.13e1.14
Seasony (Winter)
Spring 1.09* 1.05e1.14 1.02 0.98e1.05 1.31* 1.21e1.42
Summer 0.97 0.93e1.01 1.12* 1.08e1.15 1.54* 1.42e1.66
Fall 1.14* 1.09e1.19 1.20* 1.16e1.24 1.27* 1.17e1.38
Timingy (0:00e8:00)
8:00e16:00 2.26* 2.17e2.35 1.56* 1.51e1.61 1.46* 1.36e1.57
16:00e0:00 1.48* 1.43e1.54 1.10* 1.07e1.14 1.22* 1.14e1.31
Triagey (Classes III & IV)
Class I 1.30* 1.26e1.35 1.29* 1.25e1.33 1.16* 1.08e1.24
Class II 1.21* 1.16e1.25 1.20* 1.17e1.24 1.10 1.03e1.18
CI Z confidence interval; OR Z odds ratio.
* Statistical significance at p Z 0.001.
y Reference group in parenthesis.
Pediatric emergency physicians in pediatric ED 375DC, USA. Morbidity or mortality, secondary to medical
error, is reported the most useful performance indicator in
a consensus-established study in pediatric ED, but not
commonly measured.12 We designed and examined the
mortality rate within 48 hours of admission from the ED to
evaluate the early resuscitation ability of physicians in the
pediatric ED. Mortality decreased yearly, and the 48-hour
mortality rate was < 0.05%. We found that the quality of
early resuscitation improved under similar patient volume
and percentage of triage Classes I and II cases, providing
the evidence that ED treatment had improved. Resuscita-
tion rate could not be analyzed due to limited numbers
during the study period.
Several advantages of full-time pediatric emergency
physicians over part-time pediatricians can be identified.
Full-time pediatric emergency physicians are familiar with
the medical care process, quality, teamwork, and organi-
zational culture of the pediatric ED. Furthermore, full-time
pediatric emergency physicians have more experience in
handling emergency cases, allowing them to develop better
diagnostic and treatment skills. Dedicated pediatric emer-
gency physicians train residents and help improve their
knowledge and skills in emergency care, and generate
emergency medicine research papers based on their
extensive hands-on experience. Finally, by having full-time
pediatric emergency physicians, the hospital management
team can set up training roadmaps for those who want a
subspecialty in pediatric emergency care.
Taiwan instituted a National Health Insurance program
in 1995 that covers 99.6% of the population. The program
has comprehensive benefit coverage (including emergency
care, intensive care, dental care, and the cost of medica-
tions) and unlimited access to specialists and high tech-
nology equipment. Health care providers are forbidden
from balance billing or from refusing or transferring pa-
tients without providing appropriate treatment.Copayment of a visit to a pediatric ED is approximately
US$8 for patients < 3 years old and US$22 for older pa-
tients. The pediatric ED used in the present study is in a
university hospital that has excellent facilities, with 360
beds available for pediatric admission and 25 beds in the ED
observation unit. Our finding that full-time and senior
physicians had higher admission and observation rates may
be the result of a higher quality of care with sufficient
medical supplies and fully insured patients.14e16 Pileggi
et al16 reported an average admission rate of 15% in an
Italian pediatric ED, and Claudet et al17 reported that a
quarter of the patients who visited a pediatric resuscitation
room in Toulouse, France were admitted.
In the present study, the trend analysis indicated that
the 72-hour return rate fluctuated between 2% and 6%. A
return visit within 72 hours was more common for younger
patients and less frequent for patients admitted in the
winter and midnight to early morning. Goldman et al18 re-
ported that the rate of a return visit within 72 hours was
5.2% at the Hospital for Sick Children in Toronto, Canada
during 2003; Zimmerman et al19 reported a 72-hour repeat
visit rate of 3% at the Robert Wood Johnson University
Hospital in New Brunswick, NJ, USA between July 1, 1992
and June 30, 1993; Chamberlain et al14 from the Children’s
National Medical Center of Washington, DC reported an
unscheduled return rate within 72 hours of 6.1% in 16 pe-
diatric EDs in Washington, DC. Return visits within 72 hours
of discharge are not a desirable outcome of an ED visit, and
many researchers regard this as an indicator of the ED
quality of care.18e20 However, DePiero et al21 found that
most repeat visits to the pediatric ED that ended in hospital
admission were the result of disease progression rather
than medical errors. This finding raises questions about the
validity of repeat visits as a measure of quality improve-
ment in pediatric EDs. Moreover, several studies found no
difference in the return visit rate in patients seen by
376 I.-A. Huang et alresidents and those seen by attending physicians or be-
tween patients of emergency and of pediatric phys-
icians.5e7 We also question that repeat visits within
72 hours may not be a valid indicator for assessing pediatric
ED performance.21 Return visit rate within 72 hours is the
most common measured performance indicator, but return
visit rate within 72 hours with critical diagnosis might be
more useful.12
The limitation of this study is that the data is from a
single hospital, and so a return visit to another hospital by
the patient was possible, although no other pediatric ED
within travel time of 30 minutes from this study’s hospital
location area was available. We did not analyze the issues
including the patients’ satisfaction degree, ability to
resuscitate, and the cost effectiveness between full- and
part-time pediatric emergency physicians. Determination
of the disease severity was another limitation of the pre-
sent study. The triage classification for the patient severity
is objectively defined, and the admission, observation, and
return visit within 72-hour rates were significantly related
to the triage classification. Although most studies have
found such triage systems to be safe and effective,22e24
other studies suggest that these systems are inadequate
for predicting hospital admission.25e27 Several studies have
investigated the reliability and validity of new triage algo-
rithm in pediatric patients.28e32
In summary, the present study showed that full-time
pediatric emergency physicians in the pediatric ED are
associated with decreased mortality and decreased length
of stay. These findings support the advantage of full-time
pediatric emergency physicians in the pediatric ED. Both
full-time ED physicians and senior physicians are more
likely to admit patients and keep them for observation. The
major difficulty associated with the part-time pediatrician
staffing is that while in the ED, part-time pediatricians may
need to attend to their inpatients or another subspecialty
activity at the expense of ED patient care. Patients in the
ED expect high-quality health care and service with limited
risk; this means hospital management must develop and
implement practices that meet the needs of patients. New
and better means to evaluate the quality of pediatric ED
care that objectively predict and measure outcomes and
risks should be developed. The present study was a single-
hospital qualitative study and further comparative studies
are indicated as being necessary. We encourage other
hospitals to report measurements of the quality of care in
their pediatric ED and to implement a policy to develop a
pediatric emergency subspecialty workforce policy agenda
in pediatric emergency care.33Conflicts of interest
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